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Abstract
Riparian areas have been severely damaged by the combined impacts of grazing,
river regulation, development and other types of land use, so that many no longer provide
key ecosystem functions and services. Revegetation is a common riparian restoration
practice, but there is little information available on whether revegetation projects are
effective. I reviewed the efficacy of riparian revegetation projects conducted in the inland
Pacific Northwest (iPNW) between 1984 and 2007 based upon the Pacific Northwest
Salmon Habitat Project (PNHSP) database. I found that 10% of the stream restoration
projects in the iPNW included riparian revegetation (1,340 projects), and 11% of those
projects (151 projects) indicated they had monitored their results. I was unable to
demonstrate that riparian revegetation projects conducted in the iPNW during this period
were successful. The main reason for this was a lack of monitoring; just 151 (11 percent)
of 1,340 restoration projects in the Pacific Northwest Salmon Habitat Project database
that included revegetation also included monitoring. Despite extensive efforts I was only
able to obtain monitoring reports for 36 of these projects, indicating that even when
projects are monitored the results are often either not published or not readily available.
Of the projects for which monitoring results were available: 1) most (89%) did not define
quantitative success criteria, so it was not possible to determine whether project goals had
been achieved; 2) a wide variety of monitoring techniques was used, making it difficult to
identify trends or make comparisons among projects; 3) almost all (97%) were monitored
for less than five years, which is not long enough to determine the true effectiveness of
revegetation.
Despite the lack of effective monitoring, project practitioners in the iPNW have
learned a great deal about the factors influencing the outcome of revegetation efforts.
The two operational factors identified most frequently in the 36 monitoring reports were
the need to select plant material and planting techniques that are well suited to the site,
and the need for ongoing maintenance to reduce impacts due to environmental factors
such as herbivory, plant competition, moisture, erosion/flooding/scour, and coarse
substrate. Project practitioners use a range of techniques to reduce the effects of these
environmental factors. Follow up discussions with restoration practitioners identified
additional factors affecting project outcomes including: 1) providing sufficient budget for
the revegetation component of the project; 2) conducting an in-depth site assessment
prior to project implementation; 3) taking an interdisciplinary team approach to
restoration; 4) integrating ecological concepts from research into revegetation studies;
and 5) taking a watershed scale approach to restoration efforts. Future revegetation
efforts should take account of these and other lessons already learned. When employed in
combination with monitoring, this will lead to an adaptive management approach that
increases the potential success of future revegetation efforts.

INTRODUCTION
Intact riparian plant communities provide a range of ecological and human-related
benefits. Riparian vegetation helps to protect water quality, reduce temperature
fluctuations, and absorb and dissipate floodwaters (Naiman et al 2005, Welch et al 1998,
NRC 2002). Streamside vegetation is the primary source of organic material and woody
debris for food web support, fish habitat and maintaining channel morphology
(Suberkropp 1998; Bilby and Bisson 1998). Riparian zones are disproportionately rich in
biological diversity compared to surrounding uplands, providing essential feeding,
migratory, and reproductive habitat for birds, mammals, amphibians and insects (Pollock
1998), especially in arid regions (Belsky 1999). Anglers, hunters, and wildlife watchers
depend on riparian vegetation to support fish and wildlife populations (Ellis and Richard
2003; Hansen et al. 1995).

Riparian systems have been severely damaged by the combined impacts of activities such
as stream regulation, urbanization, overgrazing, and exotic species invations (Naiman et.
al. 2005; Lake et al. 2007). Riparian restoration is, increasingly, a major emphasis on
public and private land. The benefits of riparian restoration include improvements to
water quality, terrestrial and aquatic habitat, and increased bank stability (Bernhardt et al.
2005). Riparian restoration practices include passive approaches, such as livestock
exclusion and conservation easements, and active approaches such as in-channel
improvements, stream bank stabilization, and floodplain revegetation. Often, passive
approaches are all that is needed to achieve riparian restoration goals; however in cases
where the ecosystem is sufficiently degraded such that the inherent capacity to recover
has been lost, active approaches are necessary (Kaufmann et al. 1997).

One of the most widely used active restoration approaches in the U.S. is revegetation
(Palmer et al. 2007). There is a wide range of revegetation techniques available, with the
suitability of any particular approach depending on site characteristics, goals and
objectives of the project, project budget, and plant material availability (Table 1, Figures
1, 2, 3).
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Table 1. Revegetation practices used in stream restoration in the United States
Revegetation
practice
Nursery plants

Description
Nursery grown bare root (shipped without soil) and containerized stock

Revegetation - seeds

Seeds of desired species obtained on-site if available, or purchased from a supplier.

Dormant cuttings

Woody stems (usually willow, cottonwood or red-osier dogwood) approximately
0.5 to 2 in. diameter1 from healthy plants that are at least two years old; preferably
cuttings are from nearby sites,

Pole plantings

Dormant non-rooted hardwood cuttings that are large diameter (Approximately
0.75 to 8 in. diameter1) branches with all the side branches and the top 2 feet of the
stem removed, obtained from nearby sites.

Brush mattress

A thick mat of non-rooted willow cuttings anchored to an eroding
streambank1

Live fascines

Cigar shaped bundles of live non-rooted hardwood cuttings tied together and
placed in a shallow trench in the toe zone1. Fascines are intended to reduce surface
erosion and shallow sliding on stream banks.

Joint plantings

Live stakes tamped into the joints and openings in riprap2.

Live cribwalls

Chambers made of untreated, interlocking timbers or logs which are filled with
alternating layers of soil and live branches above the streams base flow level2

Vegetated gabions

Rectangular baskets made of heavily galvanized wire mesh filled with small to
medium size rock. The gabions are laced together and installed at the base of a
bank to form a structural toe or sidewall. Vegetation may be incorporated by
placing live branches between each layer of rock filled baskets2.

Soil lifts

Natural or synthetic geotextile materials are wrapped around soil lifts and live
branch cuttings are placed between them2 Soil lifts are intended to provide bank
stability on high velocity streams.

Brush bars

Similar to live fascines except placement is on a flat gravel and coble substrate.
Brush bars are built with woody shrubs or small conifers, and then willow,
dogwood or cottonwood rooted cuttings or alder plugs are planted in a trench3.
Brushbars are intended to increase natural plant recovery on gravel bars by slowing
flood waters and holding gravels in place, and causing deposition of silt down
stream of the brush bar, creating a natural seed bed.

Mature shrub
transplants

Shrubs transplanted during the construction phase of a stream restoration project3.

Sources: 1 Bentrup and Hoag 1998
2 FISRWG 1998.
3 WC 2009
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Figure 1. Live fascine (not to scale). From Eubanks and Meadows 2002.

Source: WC 2009

Figure 2. Brush bars installed on a floodplain.
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Source: UI 2009

Figure 3. Soil lifts installed along a stream bank.
Riparian revegetation projects in the U.S. are subject to a wide range of potential
problems that can prevent the achievement of project goals including soil texture, depth
to water table, channel stability, competition from exotics, chronic herbivory and planting
techniques (Pezeshki et al. 2007; Albert et al 1999; Sweeney et al.; Shaff et al 2002) and
lack of understanding of plant establishment requirements (Kauffman et al. 1995). In
order to improve the outcomes of riparian revegetation projects, there is a need for
greater synthesis of the available knowledge regarding: 1) the extent to which
revegetation is used as a restoration approach; 2) the extent and types of monitoring of
revegetation success; and 3) the characteristics of successful (and unsuccessful)
revegetation projects. Since all three of these issues are likely to vary by region across the
U.S. due to differences in climate and geology, regional synthesis and analysis is
necessary.

This paper is a review and synthesis of the available information on riparian revegetation
projects within the inland Pacific Northwest (iPNW), which includes Montana, Idaho and
counties east of the Cascades in Washington and Oregon (Figure 4). The iPNW is an
area of dry summers and cold winters, with mostly gravel and cobble bedded streams
originating in the Rocky Mountains and Cascades. The objectives of the study were to
determine the following for the iPNW: 1) the extent and type(s) of monitoring of riparian
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revegetation projects; 2) outcomes of riparian revegetation projects based on monitoring
data (if available); 3) what factors are most important in determining project outcomes.
METHODS

Source: ESRI, 2011

Figure 4. Map of the inland Pacific Northwest study area, which includes Montana,
Idaho and counties east of the Cascades in Washington and Oregon.

I identified projects to include in my analysis from the Pacific Northwest Salmon Habitat
Project (PNSHP) database, which was developed by the Northwest Fisheries Science
Center in partnership with the National River Restoration Science Synthesis project to
improve regional tracking and evaluation of the effectiveness of stream restoration in the
Pacific Northwest. The PNSHP database includes information on over 29,000 stream
restoration projects in Oregon, Washington, Idaho, and Montana. There were 1,340
projects in the database that were conducted within the iPNW and included revegetation.
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Of these 151 projects (11 percent) indicated they had done monitoring. Information
about each of these projects was obtained from internet searches (Appendix A) and by
contacting (by e-mail and telephone) representatives of the relevant sponsoring agencies
and organizations (Appendix B). After an extensive effort involving repeated emails and
phone calls to the project contacts, I obtained thirty-six monitoring reports (Appendix C).
From these reports I recorded the following:
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦

Sponsor
Project name
Project size (acres and/or number of plants)
Revegetation technique(s) (i.e. containerized plants, cuttings etc)
Success criteria
Parameters monitored (percent survival, stream shading, percent cover native
woody vegetation, browse impacts, vegetation structure, growth, and/or bank
erosion)
Results of monitoring
Duration of monitoring
Follow up maintenance performed
Reasons for revegetation successes or failures
Lessons learned

Several of the project representatives offered additional insight regarding factors
affecting project outcomes and these were recorded. Information from the monitoring
reports and discussions with project representatives was used to determine project
outcomes and factors affecting these outcomes.
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RESULTS AND DISCUSSION
Extent of riparian revegetation in the inland Pacific Northwest
The PNHSP database included 12,506 restoration projects that were conducted in the
iPNW between 1984 and 2007, of which 1,340 (10%) included revegetation. Of these,
most were categorized as either ‘restore riparian function’ or ‘upland management’
(Figure 5). Of the projects categorized as ‘restore riparian function’, 1,340 or
approximately 25 percent included revegetation. Overall, the use of revegetation in the
iPNW is considerably less than the national average 40 percent (NRRSS 2006). This
may be due to the regional focus on salmon recovery; although riparian revetataion is an
important element in salmon recovery efforts, many projects focus more on in-stream fish
habitat improvements such as restoring channel complexity and installing large woody
debris. Only 3% of projects conducted in Montana included revegetation compared to 11,
12 and 13% in Idaho, Washington and Oregon, respectively. This may reflect the fact
that Bonneville Power Administration (BPA) is a major funder of fish habitat restoration
projects in Idaho, Washington and Oregon, many of which include revegetation. In
contrast, the Bureau of Land Management (BLM) funds many more projects than BPA in
Montana (PNSHP 2010). BLM funded projects are often conducted on leased grazing
land, and project goals can be achieved with passive approaches such as the use of
fencing and livestock removal rather than revegetation.
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Source: PNSHP database queries, December 2010
Note: there are 13,947 projects in the iPNW; projects can list more than one project type

Figure 5. Frequency (% of all projects) of project types and frequency of active
revegetation by project type in the inland Pacific Northwest

Extent and type of revegetation monitoring in the iPNW
Eleven percent (151) of the 1,340 riparian restoration projects in the iPNW that included
revegetation also included monitoring (PNSHP 2010). Monitoring can include baseline,
implementation, status and trend, effectiveness and validation monitoring. Effectiveness
monitoring, the type of monitoring most relevant to this study, measures environmental
parameters to determine whether the actions implemented were effective in creating the
desired outcome (Roni 2005). Most of the projects in the PNSHP database did not
identify which type of monitoring was conducted, so it was not possible to estimate how
many projects specifically included effectiveness monitoring. However, even if all of
these projects included effectiveness monitoring this is still only a small proportion of the
total number of revegetation projects.
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Monitoring requirements varied widely among sponsoring agencies. The Salmon
Recovery Funding Board (SRFB) has the most rigorous monitoring program (Table 2),
driven by the State of Washington’s strong legislation regarding salmon habitat
restoration. The Washington State Conservation Reserve Enhancement Program to
improve riparian habitat on private lands and Oregon’s Watershed Enhancement Board
monitoring program are likewise driven by statewide salmon recovery legislation. BPA
has a comprehensive, publicly available program for reporting on project implementation,
but no consistent protocol or requirements for project effectiveness monitoring for
riparian restoration projects. In contrast the BLM and the U.S. Forest Service do not have
any standard monitoring requirements; it is up to individual field offices to conduct
monitoring and disseminate results.
Table 2. Requirements for monitoring of stream and riparian restoration projects in
the iPNW by agency, and availability of data
Agency/Sponsor
Oregon Watershed
Enhancement Board
(OWEB)
Washington State
Conservation Reserve
Enhancement Program
(CREP)
Bonneville Power
Administration

Type of monitoring

Availability to the public

Random sample of projects. Field surveys
and interviews with landowners.
Implementation monitoring is done on all
projects, a random number are selected
for effectiveness monitoring (Smith 2009)
Implementation monitoring (acres or
miles of riparian area treated) is required.

Statewide summary
(Anderson and Graziano
2002).
Statewide summary report
(Smith 2009) available on the
internet
BPA Fish and Wildlife
Program, Pisces database
(publicly accessible on the
internet)

Baseline, implementation and
effectiveness monitoring. Compares
control and impacted reaches 10 years
post-project using statistical tests.

Annual progress reports
available on the internet

Idaho Department of
Environmental Quality

Implementation monitoring and various
forms of effectiveness monitoring

Implementation monitoring
reports available on the
internet.

Bureau of Land
Management/U.S. Forest
Service

Project specific - no agency-wide stream
restoration monitoring protocol.

Not readily available.

Salmon Recovery Funding
Board

There were major differences between states in terms of the number and proportion of
projects that were monitored; Idaho had the highest percent of reported monitoring at
18%, while Montana had the lowest with just 1% (Table 3). Many Idaho projects are
sponsored by the Idaho Department of Environmental Quality (IDEQ). IDEQ projects are
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driven by water quality concerns such as sediment and high water temperatures, and
monitoring to assess compliance with water quality standards is an important part of
these projects. In contrast, the two top sponsors of riparian revegetation projects in
Montana are BLM and the USFWS Partners for Fish and Wildlife program, both of
which lack standard monitoring requirements. The situation in Montana may be
improving; for example the BLM Missoula field office (Christensen personal
communication 2010), and project practitioners in the Blackfoot River (Morgan and
Kloetzel 2010) and Kootenai River watersheds (KRN 2009) are all now conducting
voluntary monitoring efforts.
Table 3. Percent of revegetation projects monitored in the iPNW.
State
ID
MT
WA (eastern)
OR (eastern)
Total

Total revegetation projects
214
73
328
725
1340

# of revegetation projects monitored
39
1
55
56
151

Percent
18%
1%
17%
8%
11%

Source: PNSHP database queries March 2010

The small number of riparian revegetation projects from the iPNW that included
monitoring is consistent with national trends (Bernhardt et al. 2005; Rumps et al. 2007).
A review of 14 watershed groups in Oregon, Washington, Idaho, and California found
that monitoring and evaluation of project effectiveness was the least developed aspect of
watershed restoration (Reeve 2006). A survey of restoration project managers in
Washington found that only 9 of the 84 respondents (10%) stated that monitoring was
required (Bash 2002). Nationally only 10% of river restoration projects indicated any
form of assessment or monitoring had been done (Bernhardt et al. 2005). While there is a
wealth of literature on monitoring riparian vegetation (Roni 2005; Kondolf 1995;
Winward 2000; BLM 2008), these resources are not being used on most projects. The
lack of monitoring is due in part to constant pressure to implement new projects, resulting
in limited time and budget for monitoring completed projects (McDonald et al. 2007).

Both the number of revegetation projects and the percentage of projects that reported
doing monitoring in the PNHSP database increased over each five year period from 1988
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to 2002, but then declined for the period from 2003 to 2007 (Figure 6). The decrease in
the most recent period is likely due to the time lag in reporting; it generally takes two to
three years post completion for data to be added to the database (Barnas personal
communication 2011), suggesting that overall trends in the use of revegetation and
monitoring of revegetation results are indeed upwards. This is consistent with
information obtained from project managers contacted as part of this study, many of
whom reported that revegetation monitoring in the iPNW is increasing.

450
400
350
300
250

# of Revegetation
projects
# that reported
monitoring

200
150
100
50
0
1988-1992

1993-1997

1998-2002

2003-2007

Year of Project Initiation

Figure 6. Number of revegetation projects (gray shading) and projects monitored
(dark shading) in the iPNW by year. Data is for projects that indicated year of
initiation in the database (only 36% of the total revegetation projects in the study
area).
All of the 36 monitoring reports obtained from project sponsors included some form of
effectiveness monitoring, but the projects varied widely in terms of the variables assessed
and the duration of monitoring (Appendix C). None of the projects was monitored for
more than five years, and the average duration of monitoring was just two years. Some
projects followed a standard effectiveness monitoring protocol, while others were only
required to report on project implementation (i.e. number of acres planted, number of
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seedlings planted). Percent survival of seeds and plantings was documented in 25 (68%)
of the reports, making it the most common monitoring metric, followed by percent
shading of the channel (16%), and percent cover of native plants (14%) (Figure 7). Other
monitoring parameters included browse impacts, vegetation structure (presence of
herbaceous, shrub and tree layers), vegetation growth, plant community composition and
bank erosion. Photo monitoring was commonly used to qualitatively assess vegetation
recovery and stream bank erosion; it was used along with other metrics for 28 projects,
and as the only form of monitoring for three projects.

80
70

Frequency (%)

60
50
40
30
20
10
0
percent
survival

shade

percent cover
native woody
vegetation

browse
impacts

vegetation
structure

growth

bank erosion

Figure 7. Frequency of assessment for revegetation monitoring parameters

Thirty-three of the 36 projects (89%) did not establish any success criteria on which to
base project outcomes. Of the three that did, two were funded by the SRFB, and the third
was an intensively monitored project sponsored by BPA and the University of Idaho.
Projects sponsored by the Oregon Watershed Enhancement Board (OWEB) and the
Conservation Reserve Enhancement (CREP) programs do not have explicit success
criteria, but percent survival is generally considered acceptable if 80% to 85% of plants
survive within the first few years based on NRCS plant stocking specifications (Smith
2009). The lack of success criteria points again to the overall lack of provisions in the
funding process for monitoring and evaluation of restoration projects (McDonald et al
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2007). Federal mandates, such as BPA’s mandate under the Northwest Power Act to
balance hydroelectric energy production with protecting fish and wildlife habitat and
SRFB’s mandate under the Endangered Species Act to protect wild salmon, are likely the
drivers for the more stringent monitoring programs now being developed by these
agencies.
Outcomes of riparian revegetation projects
Due to the wide variety of metrics used and the varying duration of monitoring, no clear
trends could be identified regarding project outcomes based on the data presented in the
monitoring reports. Although 24 of the monitoring reports included percent survival data,
some reported results for multiple years, while others only reported results for either the
first, second, third or fourth year (Table 4). Many projects reported using both
containerized and bare root planting stock but did not distinguish between them when
reporting survival. As would be expected, percent survival was highest in the first year
after installation and then declined. The fact that survival rates for containerized and bare
root stock dropped to less than 40% by the fourth year of monitoring indicates that longer
term (10+ years) data are needed to determine the true effectiveness of revegetation
efforts.

Monitoring results for shade/canopy cover, percent cover of native woody vegetation,
vegetation structure, growth and streambank erosion all indicated an improvement in
condition in the first four years after project implementation (baseline data at project
implementation is shown as Year 0) (Table 4). While this is encouraging, the small
number of projects reporting, the potential for variability in the measured parameter due
to the limitations in the methodology, and the short duration of monitoring, mean that
these data are of limited value in drawing conclusions about the true effectiveness of
revegetation projects in the iPNW. For example, shade measurements, which are taken
along transects across the stream using a densiometer (SFRB 2004; Volkmann 2005), can
vary considerably from year to year because of changes in the stream edge location
relative to the shading vegetation (SFRB 2007). Consequently, the data can show
substantial changes when the actual riparian vegetation has changed very little.
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Table 4. Percent survival, percent shade, percent cover native woody vegetation,
vegetation structure, bank erosion and growth by year for the 36 projects for which
monitoring reports were obtained. NA means the parameter was not monitored in
that year.

N

Range

Mean

N

Range

Mean

N

Range

3.7

3

2.9

NA

6.8

Shoot growth
(cm)
Streambank
erosion (% of
bank length)

82

19

70

71

7

58

71

3

23

37

2

51

69

4

37

29

2

29

5.3

3

9.2

NA

14.9

4

17.2

31.0

2

12.1

8.2

2

6.8

NA

18.8

4

19.2

26.5

2

21.1

13.7

2

27.3

NA

15.9

2

22.8

NA

66

1

-

NA

20

2

40

NA

Year 0 is the
year planted

Native woody
vegetation
cover (%)
Three-layer
vegetation
structure (%
of reach
length)

Mean

Shade (%)

4

Range

Survival of
cuttings, live
stakes, poles
(%)

3

N

Survival of
containerized
stock (%)

2

Mean

1

Range

N

Parameter

0

Mean

Year

2

4.6

NA

56

2

NA

32

22

2

37

19

1

NA

14

-

NA

NA

Factors affecting project outcomes

The monitoring report narratives identified a range of factors affecting project outcomes.
These generally fell into two categories, those related to project planning and
implementation and environmental factors (Figure 8).
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Figure 8. Frequency (% of projects) of project planning and implementation (dark
bars) and environmental (light bars) factors affecting revegetation outcome
Project planning and implementation
Appropriate selection of plant material and planting techniques was identified as a key
factor determining project outcome in 49% of monitoring reports (Figure 8), making it
the most commonly cited factor related to project planning and implementation and also
the most commonly identified factor overall. The second most commonly listed factor
relating to project planning and implementation was the need for ongoing maintenance.
Project practitioners use a range of approaches to deal with these challenges.
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Selection of plant material and planting techniques

Projects used a wide variety of plant material including dormant cuttings, pole plantings,
bare root and containerized stock, and a range of different techniques designed to
maximize the survival rate. Cuttings were used in a variety of ways including pushing
cuttings into the soil and incorporating into soil lifts; when using these techniques it was
found to be important to use dormant stock and to place most of the stem underground to
ensure good root establishment (Bentrup and Hoag 1998). Use of a soaker hose for
irrigation of cuttings during the first season greatly increased survival (Christensen
personal communication 2010). Willow weaving, in which large numbers of willow
branches are woven together and anchored to stream banks, was used successfully on
several projects (River Menders 2009).

Growing poles in a nursery to establish the root system before being transplanted to the
site improved the overall success of using this type of plant material (Bruegman and
Nordheim 1998a). Planting poles so that all but the top several buds were covered
improved establishment success by allowing the plants to establish root matter without
having to support extensive above surface growth (SFRB 2008; KRN 2009; Volkmann
2005; Bruegman and Nordheim 1998a,b). Placing poles in trenches excavated parallel or
perpendicular to the stream was generally more successful than hand planting (Figure 9)
(SRFB 2008). The expandable-stinger, a planting machine mounted on an excavator arm,
was used to good effect for planting on both very rocky sites and rip-rapped banks.
However the method is expensive, so when it is used every effort needs to be made to
ensure the survival of the planting stock (Morgan and Kloetzel 2010). All of these
techniques can be effective in overcoming the challenges of summer drought and coarse
textured alluvium common in iPNW streams.
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Source: SRFB 2008

Figure 9. Use of a trencher on the Lower Klickitat River project, Washington (left)
showing plant growth after three years (right)

Although bare root plants were used on some projects, large-rooted containerized plants
were more able to establish and compete with non-native pasture grasses (Morgan and
Kloetzel 2010). For containerized plants, poor quality plant material lacking in vigor was
cited as a problem (Fonville 2009); in some cases this was likely due to an off site seed
source poorly adapted to local conditions. Site plantings grown from local stock had
higher survival (BPA 2010, Morgan and Kloetzel 2010; Klein 2004), but this approach
requires that project managers allow adequate time for seed collection and propagation
(Ballek personal communication 2010).

Many projects used volunteer labor as a cost saving measure and to involve the
community (Morgan and Kloetzel 2010; River Menders 2009; PCEI 2010; SRFB 2008).
Quality control was cited as an important factor when using volunteers; in some cases
plants were not planted deep enough and mulch and plant protectors were note installed
properly. Project failures can be minimized by employing professionals to provide
oversight of volunteers (Morgan and Kloetzel 2010).
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Maintenance
Watering, irrigation system maintenance, weed control, and browse control were the most
common maintenance needs. Weed control was generally done by mechanical methods,
use of weed mats, herbicides or timed grazing. Maintenance around weed mats led to
greater success by eliminating weeds encroaching around the edges and in the planting
hole (River Menders 2009; Morgan and Kloetzel 2010). Hand weeding at targeted
locations was a viable option if concentrated in areas with abundant natural recruitment
of desired species (KRN 2009). Browse protectors also required maintenance to prevent
them from restricting plant growth if they were too narrow or fell over, or if winter ice
and debris got caught up on them (KRN 2009; Morgan and Kloetzel 2010).

Several project reports noted the importance of communicating with landowners
regarding the short and long-term needs for ongoing site maintenance and issues such as
availability of irrigation water for the site. Projects where landowners were involved in
maintenance were more successful than sponsor-managed sites (Fonville, 2009). Some
sponsoring agencies are beginning to change their funding approach to address the need
for maintenance. For example the Oregon Watershed Enhancement Board is starting to
incorporate mechanisms for maintenance and monitoring of riparian planting projects
into their granting process; grantees may apply for funding for maintenance and
effectiveness monitoring (Shaff personal communication 2010). More information on
the role of maintenance is contained in the discussion of environmental factors affecting
project outcomes.
Additional issues related to project planning and implementation
In addition to the need for appropriate selection of planting material, use of effective
planting techniques and ongoing maintenance, a number of broader issues that affect
project outcomes emerged from follow-up discussions with project practitioners. These
include budget constraints, lack of adequate site assessment, a need for an
interdisciplinary approach, understanding of ecological concepts, and taking a watershed
perspective.
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Lack of adequate budget and contract specifications for plantings is a common problem
cited by project managers. A very small proportion of stream restoration budgets is
generally allocated to plantings (Hoag personal communication 2010). Project sponsors
are often more willing to slip on schedules and skimp on specifications for planting
material and planting than they are on the other parts of the project (Ballek personal
communication 2010). Plantings would be more successful if more attention was paid to
scheduling, specifications for plants, professional oversight during planting, and allowing
flexibility in contracts to allow for modifications based on ground conditions (Ballek
personal communication 2010).

Lack of proper site evaluation and planning is another common problem (Conley
personal communication 2010; WC 2009). Site evaluation should include in-depth
assessment to characterize local ungulate populations, weeds, hydrology, and soils (WC
2009). Effective project planning requires a mulit-disciplinary approach involving
engineers, hydrologists, geomorphologists, ecologists and plant scientists (Parker
personal communication 2010). Progress is being made in this regard, but projects are all
too often still focused on the engineering requirements rather than on the re-establishment
of a functional ecosystem.

There is a need for more interaction between practitioners and the academic community
so that the best available science is integrated into the practice of river restoration, and so
that practical experience can inform research (Lake et al. 2007; Gillilan et al. 2005; Wohl
et al. 2005). Incorporating ecological concepts from the scientific literature that help
explain natural vegetation establishment in riparian zones would improve vegetation
recruitment and survival rates. For example the “recruitment box model” (Mahoney and
Rood 1998), which describes the geomorphic positions in which natural vegetation
recruitment is most likely to be successful, could lead to more targeted revegetation
plans. It is evident from some of the project reports that geomorphic position is
considered in development of planting plans (KRN 2009), and some riparian revegetation
techniques attempt to create recruitment sites using techniques such as brush bars (WC
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2009). However, I found no examples of the recruitment box model or any other similar
ecological model or concept being fully incorporated into project designs.

Stream restoration projects are usually done on a site by site basis (Wohl et al. 2005;
Lake et al. 2007) and projects rarely focus on the improvement of ecosystem function at
the watershed scale (Reeve 2006). The Model Watershed Approach being implemented
by Bonneville Environmental Foundation and OWEB offers a long-term landscape-scale
approach focusing on project effectiveness. However implementing this approach on a
broad scale may be difficult on projects with multiple land ownerships due to lack of
resources and conflicts of interest (Lake et al. 2007).

Environmental factors affecting project outcomes

Environmental factors that affect project outcomes, such as herbivory, plant competition,
moisture availability erosion flooding and scour, and substrate type, present additional
challenges to project success. Restoration practitioners in the iPNW have developed a
range of approaches for dealing with these problems.
Herbivory
Herbivory affected project success in 46% of projects (Figure 8), and control of herbivory
was a focus of maintenance effort on many projects. The level of browse pressure by
ungulates and rodents depends on site-specific characteristics such as availability of
palatable food, proximity to hiding cover and pressure from predators and hunters. In an
effort to reduce herbivory, projects used a variety of browse protectors including
individual tubes (Figure 10) larger individual cages, browse repellent sprays and
enclosures for protecting groups of plants. Tubes usually worked well, however, they
were too narrow for many of the shrubby plants used on restoration projects, and plants
were vulnerable to being browsed off at the top of the protectors (PCEI 2010; KRN
2009). Using expanded plant protectors allowed shrubs to grow outward allowing more
leaf surface area to be exposed to the sun; however this increased the cost. Improperly
installed browse protectors actually caused plant damage; for example where stakes were
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too short to hold the protectors upright, elk and deer were able to push them over and
browse or trample the plants (Volkmann 2005) (Figure 10). Routine browse spray
application was effective on sites with lower browse pressure, but ineffective on sites
with heavy browse pressure (WC 2009). Scattering logs and branches from nearby
sources across a site created an effective browse deterrent as well as providing soil
nutrients, and capturing wind-blown and water-borne seeds, soil, and organic matter
(Morgan and Kloetzel 2010).

Source: Morgan and Kloetzel 2010; WC 2009

Figure 10. Properly installed (top) and failed (bottom) browse protectors in
Montana
Browse problems were addressed on some projects by planting small enclosures or pods,
which define wildlife travel and make use of the natural landscape layout (BPA 2010).
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Group exclosures helped establish concentrated areas of plant cover and hastened
naturalization of riparian species. Salvaging and transplanting mature willows large
enough to withstand browse pressure also helped to speed the restoration process (BPA
2010).
Plant competition
Competition with other plants was identified as a factor affecting project outcome in 37%
of the project reports. Highly competitive non-native pasture grasses, such as timothy,
Kentucky bluegrass and especially reed canary-grass, are a threat to riparian plantings
because they compete for sunlight, water and nutrients. Installation of black plastic weed
mats around plantings reduced competition effects in many projects. The mats slowed
weed growth, but without maintenance weeds encroached around the edges and middle of
the mats (WC 2009). In some case weed mats girdled and weakened faster growing
species (BPA 2010). Larger weed mats (4’ x 4’) were much more effective than small (2’
x 2’) mats (Fonville 2009). Newspaper or mulch (woodchips or pole yard waste) was
often just as effective as plastic weed mats, and was an attractive option due its low cost
and low environmental impact (BPA 2010). Large blocks of landscape fabric with
riparian shrubs plantings placed on the floodplain were effective at blocking out weeds
and maintaining soil moisture (Figure 11) (WC 2009).

Source: WC: 2009
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Figure 11. Use of large tarps for weed control in the Lower Clark Fork River
(Montana)
Planting dense clusters of plants to shade out weeds was one strategy for reducing
competition effects (PCEI 2010). The method allowed more effective and efficient
control of invasive species around the clusters, and also more efficient browse control.
Heavy sod competition was addressed during planting by the use of a tracked skidsteer
mounted with a two-stage scalping auger, resulting in a deep hole plus a sod scalp
(Morgan and Kloetzel 2010).
Moisture stress
Moisture stress was listed as a factor affecting project outcomes in 32% of the project
reports. Moisture stress is a potential problem where planting is conducted in coarse
substrates or where plants roots fail to reach the water table before the onset of summer
drought. Seedlings may suffer from drought from being planted too high on the bank, or
they may suffer from excessive inundation or burial by debris due to unforeseen flooding
or stress from overwatering. Solutions used to avoid drought stress included deep pole
plantings and use of deep rooted plants as previously described, as well as mulching,
supplemental irrigation and delaying plantings. Deep planting allowed poles to establish
root matter without having to support extensive above surface growth, thus giving a boost
to plant establishment (Bruegman and Nordheim 1998a). Constructed swales, dug to the
average seasonal low water table, provided moisture and protection for woody and
herbaceous plants to establish (KRN 2009; Morgan and Kloetzel 2010). Larger seedlings
with deeper roots required less time to establish and likely less maintenance. Watering
and the use of mulch around container plants helped retain moisture (Morgan and
Kloetzel 2010). Irrigation systems and supplemental watering were used on many
projects during initial plant establishment; however problems with overwatering
(Fonville 2009) and lack of irrigation system maintenance led to failures on some
projects. Delaying planting several years until the site hydrology became clearer, as
evidenced through herbaceous vegetation patterns, improved restoration success by
ensuring that plantings were placed in the right location relative to the water table
(Morgan and Kloetzel 2010).
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Erosion, flooding and scour
The dynamic environment created by annual flooding cycles moving water and sediment
through the project sites can reduce plant survival. Unpredicted levels of flooding can
inundate and stress plants for long periods (Morgan and Kloetzel 2010). High flows
exceeding the engineering evaluation of ordinary high water can erode away large
numbers of plants (KRN 2009; PCEI 2010). In some cases, erosion does not happen as
predicted and plantings are left far from the stream bank and ineffective at providing
riparian functions. For example, in one project, barbs were constructed to reduce erosion
but they forced the stream channel away from the shoreline. This eliminated all of the
benefits of the planted vegetation along the stream bank including shade, pool formation,
cover, etc. (Volkmann 2005).
Substrate
The coarse textured substrates found on many restoration sites in the iPNW are a
challenge due to low moisture holding capacity and difficult planting conditions (SRFB
2008; Bruegman and Nordheim 1998; UI 2009). As mentioned above, creating trenches
or swales down to the water table was sometimes used to overcome these problems.
Heavy wetland soils with clay lenses can also pose a challenge due to excessive moisture
holding (Morgan and Kloetzel 2010).
CONCLUSIONS AND RECOMMENDATIONS
Revegetation is one of the most critical and visible aspects of many stream restoration
projects, but the level of follow-up to determine success is extremely variable. Consistent
with national trends (Bernhardt et al. 2005; Rumps et al. 2007; Bash 2002) I found that
only a few riparian restoration projects in the iPNW completed between 1984 and 2007
monitored the outcome of revegetation efforts. Of those projects that included
monitoring, almost none established success criteria prior to project implementation so
that it was not possible to determine if project goals had been met. A wide variety of
monitoring techniques and schedules was used, making it extremely difficult to identify
trends or make comparisons among projects. Most projects (97%) were monitored for
less than five years, which is not long enough to determine efficacy and ecological
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impacts. Finally, of the 151 projects in the PNHSP database that used revegetation and
indicated they had done monitoring, I was only able to obtain 36 monitoring reports from
internet searches and the 74 project sponsors contacted (multiple projects were
represented by some sponsors). This indicates that monitoring results were often either
not published or not made readily available. Thus, based upon the information currently
available, it is not possible to say whether or not riparian revegetation projects in the
iPNW over the last tow decades years have been generally successful. In order for this
situation to improve, monitoring needs to become a required component of a greater
percentage of future projects, monitoring needs to be conducted over the long-term (10+
years), and the results need to be made more readily available. Ideally, project sponsors
would coordinate to develop consistent monitoring protocols leading to a comprehensive
riparian revegetation data set for the iPNW; however this must be balanced with the need
to design monitoring plans to address individual sponsor priorities and goals. Progress
has been made recently towards developing a set of common methods that can be applied
to a variety of monitoring needs (PNAMP 2010). Science advisors to the Northwest
Power and Conservation Council are leading efforts to advance the use of monitoring and
evaluation to achieve project success through adaptive management (McDonald et al.
2007).

Despite the lack of effective monitoring, project practitioners in the iPNW have learned a
great deal about the factors influencing the outcome of revegetation efforts. The most
critical factors in project planning and implementation are 1) the need to select plant
material and planting techniques that are well suited to the specific site conditions, and 2)
a need for ongoing maintenance. With regard to the former, planting dormant stock and
ensuring contact with the water table during the growing season are critical to the success
of techniques using willow cuttings or pole plantings. Use of locally adapted plant
material and use of deep-rooted containerized plants improve the survival rate of plant
material from nurseries and reduces the need for hand watering or irrigation systems.
With regard to maintenance, weed control, and browse control significantly improve
project outcomes. Involving landowners in project maintenance improves the potential
for success for projects conducted on private land. Additional factors contributing to
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project success include: 1) providing sufficient budget for the revegetation component of
the project; 2) conducting an in-depth site assessment prior to project implementation; 3)
taking an interdisciplinary team approach to restoration; 4) integrating ecological
concepts from research into revegetation plans; and 5) taking a watershed scale approach
to restoration efforts. Future revegetation efforts should take account of these and other
lessons already learned. When employed in combination with monitoring, this will lead
to an adaptive management approach that increases the potential success of future
revegetation efforts.
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Appendix A
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Will
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Idaho
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Gretchen
Rupp
Miranda
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Reeve
Jo
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Department of
Fisheries
Resource
Management
Vice President
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Oregon
Department of
Fish and
Wildlife
Washington
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Office
Palouse
Clearwater
Environmental
Institute
North Yakima
Conservation
District
Ted Trueblood
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Chelan County
Natural
Resource
Department
Umatilla Tribe

type of contact
email

Contact information
Jones, Kim [kim.jones@oregonstate.edu]

email

Leider, Steve (GSRO)
[steve.leider@gsro.wa.gov]

email

tracy@pcei.org

email

brian-schmidt@wa.nacdnet.org
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tutedtrue@aol.com [tutedtrue@aol.com]
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Erin Fonville
[Erin.Fonville@CO.CHELAN.WA.US]
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Jed Volkman [JedVolkman@ctuir.com]
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Managment
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Jake_Chaffin@blm.gov
[mailto:Jake_Chaffin@blm.gov]

Resources
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Appendix B
Summary of databases searched and information obtained
Overlap with other
databases

Organization

website

American
Rivers

http://www.americanrive
rs.org/site/PageServer?pa
gename=AMR_content_
7ba0

Habitat restoration success stories, but
none in area of interest.

EPA 5 Star
Restoration
Program

http://www.epa.gov/owo
w/wetlands/restore/5star/
index.html#past

Short descriptions of wetland and
riparian projects, many including
revegetation elements, many in the
PNW. No monitoring data.

NOAA

http://seahorse2.nmfs.no
aa.gov/hcrcdb_app/class/

Map and project descriptions showing
around 20 projects in region of interest.
Some involving revegetation. No
monitoring data.

Trout
Unlimited

http://www.tu.org/conser
vation/watershedrestoration-home-riversinitiative

Project descriptions, some in PNW,
some with revegetation. No monitoring
data.

http://www.efw.bpa.gov/
IntegratedFWP/reportcen
ter.aspx

Customized reports on project data –
types of work funded and
accomplishments.

Projects overlap with
Pacific Northwest
Salmon Habitat
Tracking Database

http://www.cbfwa.org/fu
nding_main.cfm

Maps of provinces showing types of
projects, Implementation reports
available on the website, but no
effectiveness monitoring. Not updated
since 2002.

Cannot determine
overlap

Bonneville
Power
Administration
Environment
Fish and
Wildlife
Program
Columbia
Basin Fish and
Wildlife
authority,
Bonneville
Power
Administration
Montana Future
Fisheries

http://fwp.mt.gov/habitat
/futurefisheries/success/d
efault.html

Montana Water
Center

http://mtwatersheds.org/r
esources/projectsdirector
y.asp

Relevant contents

Success stories of habitat restoration
projects around the state (as of
November 2008) showing before/after
photos. A few projects involve riparian
revegetation.
Includes information on 500 Montana
projects, mostly funded through the
319 Non-point source program, Future
fisheries, and Environmental Quality
Incentives program. Project directory
link under construction.
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NA
Some projects overlap
with Pacific
Northwest Salmon
Habitat Tracking
Database
Projects overlap with
Pacific Northwest
Salmon Habitat
Tracking Database
Two projects overlap
with Pacific
Northwest Salmon
Habitat Tracking
Database

One project overlaps
with Pacific
Northwest Salmon
Habitat Tracking
Database

Project directory link
coming soon.

Montana Water
Center Wild
Fish Habitat
Initiative

http://wildfish.montana.e
du/Cases/default.asp

PalouseClearwater
Environmental
Institute

http://www.pcei.org/wate
r/restoration.htm

Oregon
Watershed
Restoration
Inventory

http://www.oregon.gov/
OWEB/MONITOR/OW
RI_data.shtml

Pacific Coastal
Salmon
Recovery Fund

http://webapps.nwfsc.noa
a.gov/PCSRFProjectRep
orts.asp

Washington
State
Recreation and
Conservation
Office Salmon
Recovery
Funding Board

Lead Entity
Program

Database of case histories of projects in
the intermountain west (Idaho,
Montana, Nevada, Wyoming, Utah,
Colorado, Washington, Oregon, and
California. Three projects in area of
interest included monitoring methods
and success criteria, but no results.
Photos, descriptions and notes on
projects in northern Idaho and eastern
Washington. Final reports on 2
projects - 1 of those contained
monitoring data.
The Oregon Watershed Restoration
Inventory (OWRI) inventories
restoration data for the state of Oregon
and is managed by the Oregon
Watershed Enhancement Board
(OWEB). Downloadable database and
searchable map includes restoration
projects in Oregon implemented
between 1995 and the present.
Database does not indicate whether
monitoring was conducted.
Database of salmon habitat restoration
projects in Oregon, Washington, Idaho,
California, and Alaska by geographic
area and category. Gives statistics on
funds expended, miles and acres
treated. No effectiveness monitoring
data.

One project overlaps
with Pacific
Northwest Salmon
Habitat Tracking
Database
One project overlaps
with Pacific
Northwest Salmon
Habitat Tracking
Database

Overlaps with Pacific
Northwest Salmon
Habitat Tracking
Database

Overlaps with Pacific
Northwest Salmon
Habitat Tracking
Database

http://www.rco.wa.gov/
maps/projects.shtml

Interactive map of salmon recovery
projects in Washington State. Map
linked to project descriptions with
information on sponsors, costs, and
brief project description. No indication
if monitoring was done.

Overlap with Pacific
Northwest Salmon
Habitat Tracking
Database

http://wdfw.wa.gov/grant
s/lead_entities/

Washington state mapping and project
implementation tracking tool that
allows Lead Entities to share their
habitat protection and restoration
projects with the public. Shows
locations of projects and progress
toward completion. No effectiveness
monitoring data.

Overlaps with Pacific
Northwest Salmon
Habitat Tracking
Database
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Appendix C

Klickitat River
Little Salmon
River

Red River
Tucannon
River
Methow River

Wenatchee
River

South Fork
Palouse River

Yellowstone

x
x
x

x
x

x

x

x

x
x

x
x

x
x

x
x
x
x

Four Mile Creek riparian plantings
Lower Red River Meadow
Tucannon River (2 reports)
Twisp river ponds
Twisp river Daudon site
Twisp river properties LLC
McPherson adaptive mgmt
Pigott management project
Boesel management project
Irwin (Upper Wenatchee)
Hagman Road

x

Wendlandt
Deep Creek Bank Stabilization - Espy Property
Partridge Creek

x
x
x

South Fork Palouse River Lower Watershed Restoration Project
BLM - Cedar Creek, Cherry Creek

x

x
x
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x

x
x
x
x
x
x
x
x
x

Bank erosion

browse
impacts

shade

vegetation
structure

growth

Project name
YTAHP Wilson Creek
Lower Klickitat Riparian Restoration
Diamond Fork Creek/Klickitat Meadows
Round Valley Creek Idaho
Little Salmon River

percent
survival
percent cover
native woody
vegetation

River basin
(see Figure C1)
Wilson Creek

Photo
monitoring

Projects included in this study and monitoring parameters reported

Reference
SRFB 2007
SRFB 2008
Conley, Will 2003
River Menders 2009
River Menders 2009
River Menders 2009
U of I 2009
Bruegman, Terry, Debra
Nordheim,1998a and 1998b
BPA 2010
BPA 2010
BPA 2010
BPA 2010
BPA 2010
BPA 2010
Fonville, Erin 2009
Fonville, Erin 2009
Fonville, Erin 2009

x
x
x

PCEI 2010a
PCEI 2010b
PCEI 2010c

x
x

Chaffin 2009

River
Grave Creek

Walla Walla
River
Blackfoot
River

Grave Creek

x

Blue Creek

x

x

x

Couse Creek (Shumway)

x

x

x

Mainstem Walla Walla River

x

Couse Creek (Hasso)

x

x

x

Patit Creek (Brown)
Ashby Creek
Hoyt Creek

x
x
x

x

x

x
x

Dunham Creek
Lower Rock Creek
Upper Rock Creek reaches 1 and 2
Upper Rock Creek reaches 3 and 4
Poorman Creek
Upper Jacobsen Spring Creek
Middle Rock Creek

x
x
x
x
x
x
x

x
x
x
x
x
x
x
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x

x

x

x

x

KRN 2009
Volkman, Jed, Amy Sexton,
2003 and Volkman, Jed, 2005
Volkman, Jed, Amy Sexton,
2003 and Volkman, Jed, 2005
Volkman, Jed, Amy Sexton,
2003 and Volkman, Jed, 2005
Volkman, Jed, Amy Sexton,
2003 and Volkman, Jed, 2005
Volkman, Jed, Amy Sexton,
2003 and Volkman, Jed, 2005
Morgan and Kloetzel 2010
Morgan and Kloetzel2010
Morgan, A, and S. Kloetzel
2010
Morgan and Kloetzel 2010
Morgan and Kloetzel 2010
Morgan and Kloetzel 2010
Morgan and Kloetzel 2010
Morgan and Kloetzel 2010
Morgan and Kloetzel 2010

Figure C-1. Approximate locations of projects in this study
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